In this study, we investigated the hypolipidemic effects of Sophora flavescens in poloxamer 407-induced hyperlipidemic and cholesterol-fed rats. The MeOH extract and 4 fractions of S. flavescens were administered at doses of 250 and 100 mg/kg body weight, respectively, once a day for 3 d to the poloxamer 407-induced hyperlipidemic rats. Serum lipid levels such as total cholesterol (TC), triglycerides (TG), and low-density lipoprotein-cholesterol (LDL-C) were markedly elevated in the poloxamer 407-induced hyperlipidemic control rats, while lipid levels were significantly decreased in the rats administered the MeOH extract or 4 fractions of S. flavescens. In addition, serum high-density lipoprotein-cholesterol (HDL-C) was reduced in the poloxamer 407-induced hyperlipidemic control rats. However, oral administration of both the MeOH extract and 4 fractions significantly increased HDL-C levels. Of the tested fractions, the EtOAc fraction showed the strongest lipid-lowering effect, as well as a high antiatherogenic potential with atherogenic index (A.I.) values of less than 1.92. We also investigated the hypolipidemic effects of the main compounds of the EtOAc fraction, kurarinol and kuraridinol, using the hyperlipidemic and hypercholesterolemic animal models. Here, elevated TC, TG, and LDL-C levels in the poloxamer 407-induced hyperlipidemic and cholesterol-fed rats were significantly reduced after oral administration of the compounds, and HDL-C levels had a significant increase. Furthermore, A.I. values were lowered by administering kurarinol and kuraridinol. In particular, kuraridinol exhibited stronger protective activities against hyperlipidemia than kurarinol. These results suggest that S. flavescens and its constituents may be effective cholesterol-lowering agents and useful for preventing hypercholesterolemic atherosclerosis.
Atherosclerosis is the major cause of heart disease, stroke, and death in both developed and developing countries.
1) It is well established that elevated blood lipid levels constitute the primary risk factor for atherosclerosis. 2) Many studies have shown that increased cholesterol concentrations in plasma cause coronary atherosclerosis. [3] [4] [5] [6] In addition, hypercholesterolemia is shown to be one of the major risk factors of atherosclerosis by increasing plasma low-density lipoprotein (LDL) levels. 7) Recently, there has been much focus on the search for new drugs capable of reducing and/or regulating serum cholesterol and triglyceride levels, which has resulted in numerous reports on the significant activities of natural agents. 8, 9) In particular, dietary plants with cholesterol-lowering activity are considered useful in preventing disorders such as atherosclerosis.
Sophora flavescens (Leguminosae) is a perennial shrub occurring wild, as well as cultivated, in northeast Asia. The dried root of S. flavescens is an important herbal medicine that is applied in folk medicine as an antipyretic, analgesic, anthelmintic, and a stomachic. [10] [11] [12] [13] S. flavescens contains alkaloids, triterpenoids, and flavonoids 11) that have shown various biological activities such as the inhibition of phospholipase Cg1, melanogenesis, and cytotoxicity against human myeloid leukemia HL-60 cells. [14] [15] [16] In particular, a large number of flavonoids, including formononetin, kushenol E, kushenol B, sophoraflavanone G, kushenol L, kushenol M, kuraridin, kurarinone, kushenol N, and kushenol F, have been isolated and reported. [10] [11] [12] [13] 16) Among the flavonoids, kurarinone was reported to have potent cytotoxic activity against human MCF-7/6 breast cancer cells. 17) In addition, sophoraflavanone G and kurarinone exhibited protective effects against oxidative damage of the radical generator 2,2Ј-azobis-(2-amidinopropane)-dihydrochloride (AAPH) in renal epithelial LLC-PK(1) cells. 18) Moreover, in a previous study, we demonstrated the antioxidative properties of flavonoids from S. flavescens as 1,1Ј-diphenyl-2-picrylhydrazyl (DPPH) radical and ONOO Ϫ scavengers in vitro. 19) However, the cholesterol-lowering effects of S. flavescens in hyperlipidemic and hypercholesterolemic animal models have not been studied.
In this study, we investigated the effects of S. flavescens and its constituents on serum lipid profiles, using poloxamer 407-induced hyperlipidemic rats and cholesterol-fed rats.
MATERIALS AND METHODS

General
The 1 H-and 13 C-NMR spectra were determined with a JEOL JNM ECP-400 spectrometer (400 MHz for 1 H and 100 MHz for 13 C) in DMSO-d 6 . The HMBC spectra were recorded using pulsed field gradients. Column chromatography was conducted using silica (Si) gel 60 (70-230 mesh, Merck, Germany), RP-18 Lichroprep (40-63 mm, Merck, Germany), and Sephadex LH-20 (20- 
Animals and Treatments
In these experiments we followed The Guidelines for Care and Use of Laboratory Animals as approved by Pukyong National University. Male Sprague-Dawley rats weighing 120-130 g were purchased from Samtako Inc. (Osan, Korea). The rats were housed in wire-bottomed cages in a controlled environment with approximate room temperature and relative humidity at 25°C and 60%, respectively, and a 12-h light-dark cycle. The rats had free access to water and commercially prepared pellet chow (Samtako Inc., Osan, Korea) comprised of 24.0% protein, 3.5% lipid, and 60.5% carbohydrate. With regard to changes in body weight, we found no statistically significant differences between the control and the sample-treated rats during the experimental period. Also, no cases of diarrheal symptoms were found.
Experimental Hyperlipidemic Diet The high-cholesterol diet was prepared by mixing the normal basal diet [composition (w/w): 48.3% carbohydrate, 23.5% crude protein, 5.9% crude fat, 5.9% crude ash, and 3.9% crude fiber (Sam #31, Samtaco Bio Korea)] with cholic acid, cholesterol, and olive oil in a ratio of 950 : 5 : 20 : 25, and was then pelleted.
Poloxamer 407-Induced Hyperlipidemic Model Based on the method of Schmolka, 20) we made all animals hyperlipidemic by an intraperitoneal injection (i.p.) of 400 mg/kg of Poloxamer 407, followed by a 6 h fast. The poloxamer 407 solution for i.p. was prepared by combining the agent with saline for injection, and then refrigerated overnight to facilitate dissolution of the Poloxamer 407 via the cold method. Two hours after administering the Poloxamer 407 the rats were treated with the prepared samples. Subsequent treatments were given once daily by oral gavage for 3 d.
High-Cholesterol Diet Induced Hyperlipidemic Model In this model, the animals were fed a high-cholesterol diet for 7 d. To identify the induction of hyperlipidemia, blood was collected from the tail vein using heparinized capillary tubes, and then assayed for the total cholesterol concentration using a standard enzymatic assay kit (Cholestezyme-V). The rats were then divided into 6 groups of 7 animals each by cholesterol level. Tested samples were provided orally once a day for a period of 3 d.
Blood Sampling At the end of experimental period, and after 12 h of fasting, the rats were anesthetized with ethyl ether and killed by decapitation. Blood was collected from the neck wound and left at room temperature for 30 min; the blood samples were then centrifuged at 3000 g and 4°C for 10 min. The serum was stored at Ϫ70°C for later biochemical analysis.
Measurement of Serum Cholesterol and Triglyceride (TG) Levels Levels of TC, TG, and HDL-C in serum were determined by enzymatic colormetric methods using commercial kits [Shinyang Chemical Co., Ltd. (Korea)]. The concentration of LDL-cholesterol (LDL-C) and the antherogenic index (A.I.) were calculated by the following equations according to the methods of Kim et al. 21) and Choi et al. 22) A.I.ϭ(TCϪHDL-C)/HDL-C Statistics All results are presented as meanϮS.E.M. The data were evaluated by one-way ANOVA using the SPSS program, and the differences between the means were assessed using Duncan's test. Statistical significance was considered at pϽ0.05, pϽ0.01, and pϽ0.001. Table 1 shows the effects of the MeOH extract and 4 fractions of S. flavescens on the serum lipid levels of the hyperlipidemic rats induced by poloxamer 407. Elevated serum TC, TG, and LDL-C levels were lowered by the MeOH extract of S. flavescens. Serum HDL-C was also reduced in the poloxamer 407-induced hyperlipidemic control rats, however, oral administration of the EtOAc fraction significantly increased HDL-C levels. Above all, the cholesterol-lowering effect of the EtOAc fraction from S. flavescens was very strong, and of the tested fractions, the EtOAc fraction was highly antiatherogenic with A.I. values of less than 1.92.
RESULTS
Serum Lipid Profiles in Poloxamer 407-Induced Hyperlipidemic Rats
The effects of kurarinol and kuraridinol, which were isolated from the EtOAc fraction of S. flavescens, on the serum lipid levels of the poloxamer 407-induced hyperlipidemic rats are shown in Table 2 . The serum TC, TG, and LDL-C levels of the poloxamer 407-induced hyperlipidemic control rats markedly increased, but the administration of both kurarinol and kuraridinol significantly reduced serum TC, TG, and LDL-C levels. The HDL-C levels of the poloxamer 407-induced hyperlipidemic control rats also decreased, however, HDL-C was significantly increased from 28.95 to 37.66 mg/dl and to 47.44 mg/dl by administering kurarinol and kuraridinol, respectively, at a dose of 20 mg (pϽ0.05, 0.001). The A.I. was significantly reduced in a dose-dependent manner by the administration of kurarinol and kuraridinol. In particular, kuraridinol exhibited more effective lipid lowering activities on the hyperlipidemic rats than kurarinol.
Serum Lipid Profiles in Cholesterol-Fed Rats The serum lipid profiles and A.I. values of the rats fed the highcholesterol diet combined with oral doses of kurarinol and kuraridinol at 20 mg mg/kg of body wt/d for 3 d are summarized in Table 3 . Serum TC, TG, and LDL-C levels in the cholesterol-fed control rats markedly increased, whereas oral administration of both kurarinol and kuraridinol led to significant decreases in lipid levels compared to the cholesterol-fed control rats. In addition, the reduced HDL-C levels of the cholesterol-fed control rats were significantly increased in the rats given kurarinol and kuraridinol compared to the control rats. The A.I. was also significantly reduced by administering kurarinol and kuraridinol.
DISCUSSION
It is well known that one of the major risk factors of atherosclerosis is hyperlipidemia. 23) Hyperlipidemia and high cholesterol diets increase serum TC and LDL-C levels, resulting in an increased risk for the development of atherosclerosis. Thus, regulating the serum cholesterol level is important in atherosclerosis prevention, as it has been shown that atherosclerosis could be suppressed by controlling the level of serum cholesterol. Recently, there has been focus on the cholesterol-lowering effects of dietary plants, and various plants are shown to be helpful in lowering plasma cholesterol levels. [24] [25] [26] [27] In the present study, we investigated the effects of S. flavescens and its constituents on the serum lipid profiles of hypercholesterolemic rats and rats with poloxamer 407-induced hyperlipidemia.
Poloxamer 407, which is a nonionic surfactant and is nontoxic to cellular membranes, was used successfully to induce hyperlipidemia in previous studies. 28, 29) Poloxamer 407 has been utilized in the hyperlipidemic model due to its convenience, reproducibility, and lack of undesirable underlying pathological conditions. 28) In this study, we employed poloxamer 407-induced hyperlipidemic rats as our hyperlipidemic animal model, and within this model, investigated the hypolipidemic effects of the MeOH extract and 4 fractions of S.
flavescens.
An increased cholesterol concentration in the plasma may cause coronary atherosclerosis to develop.
3) In addition, serum TG is also considered an important risk factor for atherosclerosis. 30, 31) Elevated levels of plasma TG and LDL-C, accompanied by reduced HDL-C levels, are often associated with an increased risk of coronary heart disease. 32) In particular, many studies have found LDL-C to be the most dangerous among the serum lipids, and the oxidation of LDL leads to its increased penetration of arterial walls. 33, 34) When there is excess LDL in the blood, it is deposited in the blood vessel walls and becomes a major component of atherosclerotic plaque lesions. Moreover, in animal experiments, the LDL of hypercholesterolemic rabbits was more susceptible to oxidative modification than that of normolipidemic rabbits. 35) This oxidative modification of LDL is causally involved in the initiation and promotion of atherosclerosis. 36) Thus, an increased cholesterol level can be a significant predictor of the development of coronary artery disease, and serum LDL-C levels should be used as the basis for initiating and monitoring treatment of patients with elevated blood cholesterol. 37, 38) According to these studies, lowering serum TC and LDL-C levels is important for reducing the risk of atherosclerosis.
In the present study, the hyperlipidemic rats induced by poloxamer 407 showed high serum levels of TC and TG, but oral administration of the MeOH extract and the 4 fractions of S. flavescens reduced high TC levels (Table 1 ). In addition, serum LDL-C levels were significantly reduced by both the MeOH extract and 4 fractions of S. flavescens. Therefore, the results imply that S. flavescens extract has beneficial effects on serum lipid profiles by reducing lipid levels ( Table  1) .
HDL carries cholesterol and cholesterol esters from the peripheral tissues and cells to the liver, where cholesterol is metabolized into bile acids. 39) This pathway plays a very important role in reducing cholesterol levels in the blood and peripheral tissues, and in inhibiting atherosclerotic plaque formation in the aorta. 40) Our results showed that the MeOH extract and 4 fractions of S. flavescens increased serum HDL-C concentrations when compared with the poloxamer 407-induced hyperlipidemic control rats. These results suggest that S. flavescens is an effective lipid lowering agent and may protect against cardiovascular diseases that result from hyperlipidemia.
The A.I. is believed to be an important risk factor for atherosclerosis, and was significantly lowered in the poloxamer 407-induced hyperlipidemic rats administered the MeOH extract or 4 fractions of S. flavescens. This decrease in the A.I. is yet another positive change resulting from the S. flavescens treatments. In particular, the EtOAc fraction showed a stronger lipid-lowering effect than the other fractions, as well as a high antiatherogenic potential, with atherogenic index (A.I.) values of less than 1.92 (Table 1) . Therefore, we isolated the active compounds from the EtOAc fraction and identified them as kurarinol and kuraridinol. We then investigated the hyperlipidemic and hypercholesterolemic effects of kurarinol and kuraridinol using the poloxamer 407-induced hyperlipidemic and cholesterol-fed rats. Both kurarinol and kuraridinol reduced TC, TG, and LDL-C levels and increased serum HDL-C levels in the poloxamer 407-induced hyperlipidemic rats (Table 2 ). These findings showed that kurarinol and kuraridinol may be helpful in ameliorating plasma lipid profiles. Ross 41) reported that experimental animals that consumed high dietary levels of cholesterol developed elevated LDL-C levels and atherosclerosis, and suggested the pathological process could be reversed by reducing serum LDL-C levels. Here, our findings also demonstrated that rats fed a cholesterol-rich diet had higher concentrations of TC, TG, and LDL-C, and reduced levels of HDL-C. The high concentrations of TC, TG, and LDL-C induced by the diet were significantly reduced by the oral administration of kurarinol and kuraridinol (Table 3 ). Kurarinol and kuraridinol may also inhibit atherogenesis in rats fed a cholesterol diet by improving A.I. values. These results indicate that both kurarinol and kuraridinol may act as hypocholesterolemic agents for preventing hypercholesterolemic atherosclerosis by lowering serum lipid levels.
Flavonoids are polyphenolic compounds found in small quantities in numerous plant foods, including fruits, vegetables, tea, wine, nuts, seeds, herbs, and spices. 42, 43) Flavonoids are antioxidants and may therefore reduce the oxidation of LDL cholesterol, which is thought to be involved in the development of atherosclerotic disease. [44] [45] [46] Epidemiologic data suggest that dietary flavonoids may have beneficial cardiovascular effects in human populations. Several prospective studies have reported statistically significant inverse associations between total flavonoid intake, and the intake of specific classes of flavonoids, and cardiovascular disease incidence and mortality. 43, [47] [48] [49] [50] Kurarinol is reported to be a prenylated flavanone and an effective inhibitor of alpha-glucosidase and beta-amylase, as well as diacylglycerol acyltransferase activity. [51] [52] [53] Kuraridinol is a chalcone compound belonging to the prenylated flavonoids and was reported to be a major compound in the extract of S. flavescens. 54) In the present study, both kurarinol and kuraridinol showed significant hyperlipidemic and hypercholesterolemic effects by lowering serum cholesterol levels, and kuraridinol exhibited stronger protective activities against hyperlipidemia than kurarinol. In support of this, Santos et al. reported that chalcone compounds had significant anti-lipidemic activity. 55) In summary, the present study demonstrated that S. flavescens and its components, kurarinol and kuraridinol, had hypolipidemic effects in poloxamer 407-induced hyperlipidemic rats, where the compounds significantly lowered serum TC, TG, and LDL-C concentrations, elevated HDL-C levels, and decreased serum A.I. values. In addition, kurarinol and kuraridinol showed the same effects in cholesterolfed rats. These results suggest that kurarinol and kuraridinol from S. flavescens may be beneficial in preventing atherosclerotic cardiovascular diseases.
